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ABSTRACT

Background: Diabetic cardiomyopathy (DCM) is a common condition that is associated with morbidity and mortality. With
the medical advancement in cell treatment, stem cell therapy has a potential therapeutic strategy for DCM.

Objectives: We aim to evaluate the possible therapeutic effects of Mesenchymal stem cells (MSCs) versus melatonin (MLT)
preconditioned-MSCs in induced diabetic cardiomyopathy in rats.

Materials and Methods: Forty-five male adult albino rats were divided into four groups. Group I: Control group. Group
II: Diabetic group: Rats received single intraperitoneal injection of streptozotocin STZ (50 mg/kg body weight). Group
II: DC treated with MSCs. Group IV: DC treated with MLT preconditioned-MSCs. Histological, ultrastructural and
immunohistochemical studies were performed on left ventricle myocardium. We also estimated the survival of MLT-
preconditioned MSCs in vitro. Bel-2, Casp-3, interleukin 1 (IL-1), and interleukin 10 (IL-10) expression were measured using
real-time PCR in tissue homogenates.

Results: Our findings revealed a significant increase in immunohistochemical expression of apoptotic markers in the diabetic
group, as well as a disruption of the normal cardiac histological ultrastructure. Melatonin improved MSCs survival in vitro
and altered apoptotic markers. In addition, the melatonin-preconditioned MSC group showed a significant increase in B-cell
lymphoma 2 (Bcl-2) mRNA expression and a significant decrease in Casp-3. Enhanced immunomodulatory behavior was
obvious by a significant attrition of the mRNA expression of IL-1f (inflammatory-agonist) and a significant altitude of IL-10
(inflammatory-antagonist).

Conclusion: The melatonin-preconditioning of MSCs enhance their survival and immunomodulatory activities and precisely
restored cardiac histology. Thus, it unveils an encouraging interference of DC.
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Data from previous literatures have highlighted an

INTRODUCTION obvious contribution of hyperglycemia in increasing
pro-inflammatory cytokines, promoting myocardial
Diabetic  cardiomyopathy (DCM) is a inflammation and /or fibrosis (Jia et al. 2015;
disorder with abnormal myocardial structure and Pan et al. 2014). Increased levels of transforming
performance occurring in people with diabetes growth factor (TGF)-B, expanded deposition
mellitus despite the lack of other cardiac risk factors of extracellular matrix proteins (ECM) such as
and is associated a poor prognosis. Regardless of the collagen, and activation of cardiac myofibroblasts
convenient state-of-the art therapy as diuretics or (Leask 2015), all of which contribute to ventricular
heart resynchronization medications, DCM remains rigidity, dilation, and hypertrophy, were attributed
a leading edge of morbidity and fatality in diabetics for these effects. Subsequently, functional alterations
(de Ferranti ef al. 2014a; Spezzacatene et al. 2015). in the form of diastolic deterioration, systolic
Hence, studying DCM pathogenesis and finding an impairment, and ultimately clinical failure of the
innovative therapy for treating it is essential. heart were recorded (Ni et al. 2020a).
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MSC cytotherapy is likely a probable innovative
avenue for medication of cardiac lesion and for
advancement of histological reclamation as they
were proved to possess an immunoregulatory,
anti-apoptotic, anti-inflammatory, and a secretory
function in diabetes and many heart diseases
(Williams and Hare 2011; Zhang et al. 2017). It
was shown that MSCs transplantation in rat model
of DCM could downregulate transforming growth
factor-pl1 (TGF-B1) and (TNF-a) expression,
alleviate cardiac fibrosis, consequently, enhances
ventricular compliance and cardiac function when
being transplanted intravenously (Zhang et al.
2017). It was also recorded that intra myocardial
injection of MSCs could inhibit cardiomyocyte
death, induce angiogenesis and characterization of
cardiac progenitor cells after myocardial infarction
(Nascimento et al. 2014). MSCs were shown to have
the same myocardial reparative power when injected
intramuscularly through modulating the production
and release of numerous tissue repair-related
cytokines via paracrine processes (Mao et al. 2017).

Various types of autologous stem cell were used
in different clinical trial and proved to maintain
viable myocardial tissue with adjusted function
(Hare et al. 2017; Houtgraaf et al. 2012). However,
despite being a promising therapeutic approach
for many heart diseases, this type of therapy still
faces many limitations including limited survival of
transplanted cells or the risk of in-vivo differentiation
to undesirable cell linage. Recent strategies for
improving stem cell therapy have focused on
enhancing cellular survival pathways and boosting
differentiation into efficient cardiomyocytes by
preconditioning stem cells with drugs or cytokines
(Sano et al. 2020). MLT, principally originated by
the pineal gland, manifested to have a significant
aspect in the adjustment of bone turnover and
melatonin deficiency is thought to be associated
with several disorders, including insomnia, cancer,
and cardiovascular and neurodegenerative diseases
(Li et al. 2019). It was also reported to have anti-
senescence properties and could protect MSCs by
increasing the silent information of regulator type 1
(SIRT1), acrucial genetic managing tissue endurance
(Zhou et al. 2015). Besides, it could increase MSCs
resistance of oxidative stress (Chen et al. 2022). So,
the main intention of this research was to evaluate
the therapeutic effectiveness of MSCs versus
melatonin preconditioned MSCs (MLT-MSCs) in
DCM rat model.

MATERIALS AND METHODS

2.1. Experimental animals and experiment design:

Animals were obtained from and kept at Animal
House-Faculty of Medicine, Zagazig University,
Egypt. We utilized Forty-five adult male rats (Wistar
albino) weighing 185-200g(12—14 weeksold). The
animals were acclimatized in plastic cages supplied
by a stainless-steel wire-bar lid. The temperature was
kept at (22 £ 1 °C), also the humidity is managed at
(54 £ 5 %). The room was artificially illuminated
with (12:12 h light: dark cycle). Their diet was the
standard laboratory formula and they had free access
to water. The environment was chemically free. All
animals were treated in accordance with Zagazig
University's Ethical Committee and NIH Guidelines.
An acceptance from the local Institutional Animal
Care and Use Committee, Zagazig University,
Egypt [ZU-IACUC] was obtained, approval number
[ZU-TIACUC/3/F/1912022/].

Rats were randomly divided into 4 groups, as
following:

Group I (control group): containing 15 rats and
divided equally into three subgroups:

Subgroup A (1A): (negative control): Rats
received no treatment.

Subgroup B (1B): Each rat received a single
intra-peritoneal (IP) injection of 0.5 ml sodium citrate
buffer (SCB) (pH 4.5); [vehicle of streptozotocin
(ST2)].

Subgroup C (1C): Each rat received single
injection of 0.5 ml phosphate buffer saline (PBS)
[vehicle for Stem Cells] through the tail vein.

The remaining 30 rats were subjected to diabetes
induction by injection of a single intraperitoneal
injection of STZ (50 mg/kg; Sigma Aldrich, St.
Louis, MO, USA) (Mohamed, Reda, and Elnegris
2020). Rats were considered diabetic when their
random blood glucose was more than 250 mg/dL
for three successive days (Wang et al. 2014). The
30 diabetic rats were split equally into three groups,
each of 10:

Group II (Diabetic group): received nothing
else.
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Group III (Diabetic & non-preconditioned
MSCs group): Diabetic rats were subjected to
transplantation of 5x106 MSCs suspended in
0.5 ml PBS through the tail vein, 12 weeks after
the induction of diabetes (Cooney et al. 2016;
Nascimento et al. 2014).

Group IV  (Diabetic &  melatonin
preconditioned MSCs group): Diabetic rats were
subjected to transplantation of 5x%106 melatonin
(1pm) preconditioned MSCs suspended in 0.5 ml
PBS (Li et al. 2021), through the tail vein, 12 weeks
after diabetes induction as group III.

Four weeks after injection of MSCs with or
without precondition to melatonin, rats in all groups
were anaesthetized with IP injection of ketamine
(90 mg/kg)/xylazine (15 mg/kg) then sacrificed
(El-Akabawy and El-Kholy 2014). Left ventricles
tissue specimens were collected by median incision
of thorax. The heart was sectioned transversely at
the mid ventricular level. left ventricles myocardial
tissue specimens were split into two groups.
Specimens of the 1st group were prepared for light
microscopic and electron microscopic examination.
The 2nd group of specimens was stored at — 80 °C
for RNA withdrawal to assess mRNA expression of
Bcl-2, casp-3, IL -1f, and IL-10 genes.

2.2. Preparation of STZ and induction of diabetes:

STZ was obtained from Sigma Aldrich,
St. Louis, MO, USA as a powder and was prepared
by dissolving it in SCB (pH 4.5). Rats were fasted
for 8 hours before receiving STZ injection and
given water as normal. STZ was given to rats
in a single intraperitoneal injection at a dose of
50 mg/kg (Abdollahi et al. 2011). Random blood
sugar measurements for all rats were performed
daily in the Biochemistry Department, Faculty of
Medicine, Zagazig University, two days after STZ
injection. When the animals’ random blood glucose
levels exceeded, they were classified as diabetic
(Annadurai et al. 2012).

2.3. Separation and cultivation of bone marrow-
derived mesenchymal stem cells:

For preparing the MSCs, ten (6-weeks old) male
albino rats were used. Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10 % fetal
bovine serum (FBS) was used to flush the tibiae
and femurs of the rats to harvest bone marrow. Cells
with nuclei were assorted with a density gradient
re-cultured in culture medium composed of 89 %
DMEM (Lonza, Belgium), 10 % FBS (Seralab,
Brazil) and 1 % 1 % penicillin-streptomycin (PS)

(1:1) (Lonza, Belgium). After incubation of cells
at 37 °C with 5 % humidified CO2 for duration of
2 weeks till production of big colonies (80 — 90 %
confluence). Subculture was performed by washing
the cells of primary passage (P0) with PBS (Lonza,
Belgium) and their splitting from the tissue culture
vessel with 0.25 % trypsin in 1 mL EDTA (Gibco,
Grand Island, NY) (5 - 10 min at temperature of
37 °C). After completion of centrifugation, re-
incubation of cells was done in 50 cm? culture flask
(Falcon) with serum-added medium and expanded to
the 3™ passage (P3). MSCs in culture were identified
by their stickiness, colony formation and spindle
shape (Soleimani and Nadri 2009).

2.4. Bone marrow mesenchymal stem cell
characterization and labeling:
Antibodies against CD 90, 105, 106, and

CD11 were used to characterize BM-MSCs by
fluorescence activated cell sorting (FACS, NE15106;
Beckman Coulter, Brea, CA). According to the
proposal of the International Society for Cellular
Therapy (ISCT), the immunophenotyping was
chosen (Dominici et al. 2006). Prior to rat injection,
BM-MCs were labeled using the Paul Karl Horan
PKH 26 Red Fluorescent Cell Linker Kit for
General Cell Membrane Labeling (Sigma, St. Louis,
Missouri, USA) (Haas et al. 2000). A fluorescent
microscope was used to study sections of the left
ventricle of the stem cell-treated group (Olympus
BX50F4, No. 7M03285, Tokyo, Japan). Sections of
the left ventricle of the MSCs group were examined
by fluorescent microscope (Olympus BX50F4, No.
7M03285, Tokyo, Japan).

2.5.  Methylthiazolyldiphenyl-tetrazolium (MTT)
analysis for identification of cell proliferation:

To assess MSCs viability with the most suitable
dose of MLT (Sigma Aldrich, St. Louis, Missouri,
USA) tobeused in this experiment. Samples of MSCs
only, MSCs + MLT (1 pm), MSCs + MLT (3 pum),
and MSCs + MLT (5 um) were used. MSCs were
placed in 96-well tissue culture dishes, each well
contained volume of 100 pL. The incubation period
for culture dishes were 10 days. Three wells were
assigned for a single sample. In the MTT analysis,
the MTT reagent (Trevigen Inc., Gaithersburg,
MD, USA) was used (10 pL for each well) and the
dish was kept in the incubator for 6 h to help the
intracellular reduction of the soluble yellow MTT
to the insoluble purple formazan dye. While after
by usage of dimethyl sulfoxide (DMSO) reagent as
an additive to dissolve the formation of formazan
crystals. The sample absorbance was assessed on
microplate reader at 550600- nm. Six wells for each
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group were used to estimate cell proliferation as
correlated with non-preconditioned group as control
cells (Zhu et al. 2019).

2.6. In-vitro analysis of melatonin impacts on the
MSCs:

P3 MSCs that had reached an 80 % confluent growth
phase were preconditioned with 1 pm MLT and the
MLT-containing medium was replaced every day for
three days (Fang et al. 2018). The cells were trypsinized
after three days of MLT administration to assess
Bcl-2 and Casp-3 as apoptotic markers, as well as IL1-83
and IL-10 as immunomodulatory indicators by real-
time PCR. Non-preconditioned cells were evaluated
in each experiment. Information was collected from
six separate experiments. All isolation and culture
procedures were done at the Central Research Lab,
Faculty of Medicine, Zagazig University.

2.7. Real-time PCR study

2.7.1 Bone marrow mesenchymal stem cell apoptotic
and immunomodulatory markers expression

Extraction of total RNA from 1x106 cells
was performed using the RNeasy Mini kit (cat no
#74104, Qiagen, Hilden, Germany) following the
manufacturer’s instructions and reverse transcribed
using Quantiscript reverse transcriptase (QuantiTect
Reverse Transcription Kit, Qiagen, Hilden,
Germany). The cDNA products were amplified
using quantitative real-time PCR with an ABI
PRISM 7000 Sequence Detector System (Applied
Bio system steplplus) for analysis of Bcl-2,
Casp-3, IL-1B and IL-10 mRNA expression. The
reaction mixture was composed of 5 pL SYBR
Green master mix (Roche Diagnostics, Burgess
Hill Sussex, UK), 0.5 pL primers (10 pmol/L),
2 uL cDNA and 2 pulL RNAse-free water (Invitrogen,
Carlsbad, California, USA) under the following PCR
conditions: one cycle of 95 °C for 10 min followed
by 45 cycles of 95 °C for 15s, 60 °C for 20s, and
72 °C for 60s. The expression data was normalized
using Glyceraldehyde-3-Phosphate Dehydrogenase
(GAPDH) as the housekeeping gene. The findings
were calculated and assessed using the 2-AACT
method mentioned by Livac and Schmittgen (Livak
and Schmittgen 2001). The primer sequences used
are listed in Table 1.

2.7.2. Detection of Bcl-2, Casp-3, IL-1§, and IL-10
mRNA expression in tissue homogenate:

Isolation of total RNA from left ventricle
tissue homogenate was done using the RNA Easy
kit (Qiagen, Hilden, Germany), according to the
manufacturer's instruction. RNA concentration and

purity were estimated using Nanodrop (UNICO,
UV2000, China). The same conditions of RNA
reverse transcription and cDNA amplification by
PCR using the GAPDH as the housekeeping gene
were applied for mRNA expression of apoptotic and
immunomodulatory indicators in cell culture. The
sequences of forward (F) and reverse (R) primers
are given in Table 1.

Table 1: Primer sequences of studied genes:

Primer sequence

BCL 2 F 5’-ATCGCCCTGTGGATGACTGAGT-3’
Gene ID: 12043 R5’-GCCAGGAGAAATCAAACAGAGGC-3°
Casp-3 F 5>-GGAAGCGAATCAATGGACTCTGG-3’
Gene ID: P70677 R 5’-GCATCGACATCTGTACCAGACC-3’
IL-1B F 5>-AGAGCAACATCACCATGCAG-3’
Gene ID: AJ535730 R 5’-CAGTGAACGCTCCAGGATTT-3’
IL-10 F 5’-CACCTTCTTTTCCTTCATCTTTG-3’
Gene ID: 16153 R 5’-GTCGTTGCTTGTCTCTCCTTGTA-3’
GAPDH F 5>-AGTGCCAGCCTCGTCTCATA-3’

Gene ID: 100033452 R 5’- ATGAAGGGGTCGTTGATGGC-3’
(reference gene)

2.8. Histopathological studies
2.8.1. Light microscopic assessment:
I- Histological stains:

Specimens were fixed in 10 % neutral
formaldehyde saline, then dehydrated and embedded
in paraffin wax. They were cut into 5 pm sections.
Finally, they were stained using hematoxylin and
eosin (Suvarna et al. 2018) and Masson’s trichrome
stains (Chen, Yu, and Xu 2017).

II- Immunohistochemical Techniques:

TNF-a, an inflammatory cytokine, and Casp-3,
an apoptotic marker, were immunohistochemically
assessed in left ventricles tissue specimens (Ramos-
Vara et al. 2008). On charged slides, paraffin-
embedded serial sections were deparaffinized. To
inhibit endogenous peroxidase, they were kept
in 0.1 % hydrogen peroxide for 30 minutes. They
were then incubated for one night at 4 °C with
mouse anti-TNF- antibody (17 kDa) from Thermo
Scientific Co. (Cat #12 - 7321 - 82) and anti-Casp-3
antibody (32 kDa) from Thermo Scientific Co.
(Cat # 43 - 7800) (Sanii et al. 2012). Primary
antibodies were detected after many PBS washes
and a half-hour at room temperature incubation
with biotinylated goat anti-mouse IgG (Zymed
Laboratories; South San Francisco, CA, USA).
Sections were incubated with a streptavidin—biotin—
peroxidase complex for another 60 min and 3/,
3 Regular-diaminobenzidine-tetrahydrochloride
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(DAB-Sigma-Aldrich Chemical Co., St. Louis,
USA) was used to visualize the reactions.
Counterstaining by Mayer’s hematoxylin was done.
TNF-o was seen as brown cytoplasmic reaction
and Casp-3 appeared as brown cytoplasmic and
nuclear reaction in the left ventricular myocardium
(Abd El-kader 2019). Tonsil was used as a positive
control of Casp-3, and liver was used as a positive
control of TNF-a as provided by the manufacturer.
For negative control sections, primary antibody was
replaced by PBS.

2.8.2. Transmission electron microscopic examination:

Tiny specimens were fixed using 2.5% phosphate
buffered glutaraldehyde (pH 7.4), then post-fixed in
1% osmium tetroxide in the same buffer at 4 °C,
dehydrated, and installed in epoxy resin. Semithin
1 pm thick sections were stained using 1 %
toluidine blue for light microscopic examination.
Uranyl acetate and lead citrate were used to stain
ultrathin sections (Bancroft & Gamble, 2013).
(JEOL  JEM-2100)  Transmission  Electron
Microscope (Jeol Ltd., Tokyo, Japan) in the Electron
Microscope Research Unit, Faculty of Agriculture,
Mansoura University, Egypt was used to examine,
and photograph the sections.

2.8.3. Histo-morphometric analysis:

Using the image analyzer computer system Leica
Qwin 500 (Leica Ltd., Cambridge, UK) at the Image
Analyzing Unit of Pathology Department, Faculty
of Dentistry, Cairo University, Egypt, the following
morphometric measurements were done:

* Area percentage of collagen fibers in Masson’s
trichrome stained sections,

* Optical density of TNF-a and Casp-3 proteins,

 Identification and count of PKh-26-tagged
MSCs.

All these parameters were assessed in ten
nonoverlapping fields in five slides of five different
rats from each group. Area percent and optical density
were assessed at a magnification of X400 (Abas and
Sabry 2020) and the number of fluorescent tagged
MSCs was assessed at a magnification of x200.

2.9. Statistical study:

All findings were considered as mean + SD.
Statistical assay was accomplished by software of
Statistical Package for the Social Sciences (SPSS),
version 13.00 (Chicago, Illinois, USA). Statistical

significance was decided by one-way analysis of
variance for changes between the means of all
groups. Unpaired t-test was used to correlate the
mean of the number of fluorescent-tagged cells
between groups I and I'V. The significance between
the study groups was tested using Tukey-Kramer
post-hoc test. Probability values (P) less than 0.05
were expressed statistically significant, on the other
hand P values less than 0.001 were considered
highly significant (Emsley, Dunn, and White 2010).

RESULTS

3.1. Serum glucose levels:

The mean of glucose parameters in control rats,
group II, group III, and group IV were 94.2 + 4.5
mg/dL, 325.4 + 36.7 mg/dL, 320.5 + 30.6 mg/dL
and 319.4 + 25.5 mg/dL, subsequently. The intake of
STZ ensued a significant altitude in serum glucose
parameter when compared to control rats (P < 0.05)
(Figure 1A).

3.2. Morphological characterization of the isolated
MSCs:

During PO, the cells showed a heterogeneous
appearance (Figure 2A) but during the subsequent
passages (P 1 - 3) almost all the cells acquired
homogenous fibroblast-like appearance with
abundant cytoplasm, vesicular nucleus with multiple
nucleoli (Figure 2B and 2C). Three days after
seeding, the culture cells showed plastic adherent
property, began to exhibit cytoplasmic processes,
and developed different sized colonies.

3.3. BM-MSCs identification by flow cytometry
analysis:

Phenotypic FACs analysis of the isolated BM-
MSCs during P3 showed that most of the isolated
BM-MSCs were uniformly positive for specific
MSCs surface marker CD 90 and 105. While most
of them were negative for CD11 (Figure 2D).

3.4. mRNA expression of apoptotic and
immunomodulatory indicators in BM-MSCs using
real-time (qRT-PCR) assay:

Significant increase in the expressions of
Bcl-2 and IL-10 in MLT-preconditioned cells was
noticed as compared to the non-preconditioned one
(P<0.05), while the expressions of Casp-3 and IL-1j
showed significant decrease in MLT-preconditioned
cells when compared to the non-preconditioned
one (P < 0.05) (Table 2). The mRNA expression of
Bcl-2 and IL-10 elevated and the mRNA expression

138



Elnegris et al.,

of Casp-3 and IL-1p decreased significantly in the 3.5. Impact of melatonin on MSC survival:

MLT- preconditioned cell in a dose reliant way

(P <0.05). The response of MLT pretreatment of the MSCs
Table 2: A Table ShOWil‘lg relative mRNA expression in MLT- was evaluated by MTT assay. There was no Cytotoxic
conditioned and unconditioned MCs with variable doses of MLT: evidential effect of MLT on MSCs in all doses in

usage (lum, 3pum, and Sum). Besides, there is no
significant increase of cell survival in MSCs samples
treated with MLT in dose-related pattern than MSCs
culture alone. Cell survival ratio for MSCs+MLT
(1pm), MSCs+MLT (3pm), MSCs+MLT (5pm)
and MSCs only was 87.1 + 1.3, 87.3 £ 1.4,
IL-10 1£0.02  1.12+£0.04# 1.41£0.03#* 1.75+0.03#*& 87.5+1.5and 73.7+ 1.5, consequently and P <0.05
IL-1p - 1£0.01  09+0.01#  0.83+0.02#* 0.76+0.01#*& by comparing every MLT- predisposed group to the
non-predisposed one (Figurel B). We choose 1um
MLT to be used in this experiment.

Untreated Treated BM- Treated BM- Treated BM-
BM-MCs MCs+ MLT MCs+ MLT MCst+ MLT

(1pm) (Bum) (Spm)
Bel2  1+0.03 124003  14+001#  1.5+0.02#&
Casp3  1+0.01  0.81+0.01# 0.73+0.02#* 0.42+0.01#&

#P < 0.05 as related to untreated BM-MCs
*P < 0.05 as related to BM-MCs + 1 yum MLT
& P < 0.05 as related to BM-MCs + 3 um MLT

Blood Glucose level Survival ratio of MSCs
A 10 #@

B
T e
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= Group Il = [ MLT(1 um) +MSCs
200
= Group Il [ MLT(3 um}+MSCs
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100 =
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Figure 1: A boxplot chart showing: A) blood glucose level in all rats of all the studied groups. B) Survival ration of nontreated MCs and preconditioned-
MCs with different concentrations of MLT. *P < 0.05 as related to group I ~ #P < 0.05 as related to MCs ~ @P < 0.05 as related to MCs + 1 um MLT
8P < 0.05 as related to MCs + 3 um MLT
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Figure 2: A, B, & C Phase contrast photomicrographs of BM-MCs showing adherent population of cells forming colonies (CO) and exhibited heterogenous
morphology during PO (A). The cells acquired homogenous fibroblast-like morphology during P1 (B) and P3(C). The cells in all passages had vesicular
nuclei with multiple nucleoli (arrow) and many cytoplasmic processes (Dashed arrow). D) A phenotypic analysis of different stem markers in the isolated

BM-MCs during P3.
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3.6. Recognition of BM-MSCs
fluorescent microscope:

homing using

Left ventricular specimens of stem cell-treated
rats showed large population of PKH26-tagged
MSCs that exposed as brightened red fluorescent
spots 4 weeks after MSCs transplantation (Figure 3).

3.7. Histopathological results

3.7.1 Light microscopic examination of H&E-
stained sections:

The histological architecture of all subgroups of
the control group was similar.

Control group showed regular arrangement of
cardiac muscle cells that appeared branching and
anastomosing. The cardiac muscle cells showed
acidophilic cytoplasm with centrally located oval
vesicular nuclei. Intercalated discs were seen
at intervals as transverse dark lines, few small
capillaries and nuclei of cells belonging to the
connective tissue were noticed in the intercellular
endomysium spaces (Figure 4a). Diabetic group
showed degeneration, fragmentation, and flaring
of cardiac muscle cells. Myocardial necrosis, in
the form of focal hypereosinophilia, cytoplasmic
vacuolization, and peripheral dark nuclei, was
detected. There were widening in the tissue spaces
with marked inflammatory cellular infiltration.
Dilated, congested blood vessels, and extravasated

RBCs were also seen (Figure 4b, 4c). MSCs-treated
group showed mild preservation of cardiomyocyte
morphology and tissue spaces with mild focal
necrosis in the form of minimal vacuolization
of the cytoplasm. There were few inflammatory
cellular infiltrates and no interfibrillar RBCs were
found (Figure 4d). Meanwhile, sections of MLT—
preconditioned MSCs group showed apparently
normal histological picture nearly similar to the
control group (Figure 4e).

3.7.2. Light Microscopic examination of Masson's
Trichrome-stained sections:

The control group revealed fine blue stained
collagen fibers along with the red cardiac muscle cells
and in the vicinity of small blood vessels (Figure 5a).
The diabetic group revealed obvious increase in the
blue stained collagen fibers mainly nearby dilated
large blood vessel (Figure 5b). The MSCs-treated
group showed moderate collagen fibers deposition
between cardiac muscle cells (Figure 5c). The MLT—
preconditioned MSCs group showed few amounts
of fine blue stained collagen fibers with significant
decrease in its area percentage as compared to both
diabetes group and MSCs-treated group. Meanwhile,
there was non-statistically significant difference
when as compared to the control group (Figure 5d).
Changes in the mean area percentage of Masson’s
trichrome-stained sections between all examined rat
groups were presented in (Table 3).

Figure 3: A PKH26-tagged MCs presenting as bright spots (arrows) in (a) mesenchymal stem cell treated group, (b) melatonin conditioned MC group

(a, b X200, scale bar = 50 um)
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Figure 4: A Photomicrographs of H&E-stained myocardial sections of: (4a) Control group showing regular branching and reconnecting cardiac muscle
cells (arrow). The cardiac myocytes appear with eosinophilic cytoplasm (arrowhead) and centrally located oval vesicular nuclei (white arrow). Intercalated
discs appear as transverse dark lines (curved arrow). Few small blood capillaries (white arrowhead) and connective tissue cells nuclei (curved white
arrow) are also shown in the intercellular endomysium spaces. (4b, 4c) Diabetes group showing fragmentation, and separation of cardiac muscle cells
(arrow). Focal hypereosinophilia (arrowhead), cytoplasmic vacuolization (v), and peripheral dark nuclei (white arrow) can also be noticed. Inflammatory
cellular infiltration (curved white arrow) and dilated (white arrowhead) or extravasated blood (RBCs) are seen. (4d) MSCs-treated group showing mildly
preserved cardiomyocyte (arrow) and minimal vacuolization (v) of the cytoplasm. Few cellular infiltrations are still shown (curved white arrow). (4e)
MLT-preconditioned MSCs group showing an apparently normal histological picture of branched and anastomosed cardiac muscle cells (arrow). The
cardiac myocytes have eosinophilic cytoplasm (arrowhead) and centrally located oval vesicular nuclei (white arrow). (a, b, ¢, d, e X400, scale bar =20 pm).

Table 3: Mean + SD of area % of collagen fibers, optical density of TNF-a and Casp-3
proteins immune expressions and mean count quantity of homed fluorescent tagged MCs in

left ventricle specimens of the studied groups:

Group 1 Group II Group IIT Group IV
Area % of collagen fibers 1.04+£048 3.4+236# 2.8+ 0.05%# 1.15+£0.08*&

Optical density of TNF-o protein 1.5+035 93+ 1.7# 381 1.61%  1.7+£0.25%*&
immune expression

Optical density of casp-3 protein 2.13+0.7 10.82+ 1.01# 3.81+1.02*#  2.15+0.6*&
immune expression

Quantity of homed fluorescent tagged - - 20+ 1.8 39+ l.6&
MCs

#P < 0.05 as related to group I
* P < 0.05 as related to group 11
& P < 0.05 as related to group 111
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Figure 5: Masson’s trichrome stained myocardial sections of: (5a) Control group showing fine blue collagen fibers in between the cardiac muscle cells
and nearby small blood vessels (arrow). (5b) Diabetes group showing extensive collagen fibers deposition around dilated large blood vessel (arrow). (5¢)
MSCs-treated group showing moderate collagen fiber deposition (arrow). (5d) MLT—preconditioned MSCs group showing few collagen fibers around a
blood vessel (arrow). (a, b, ¢, d X200, scale bar = 50 um).

3.7.3. Immunohistochemical results:

Regarding anti-TNFa antibody
immunohistochemical-stained  sections; control
group showed negative immune reaction of cardiac
muscle cells and interstitial cells (Figure 6a).
Markedly positive cytoplasmic immune reaction in
the form of brown coloration of cardiac muscle cells
and interstitial cells was noticed in the diabetic group
(Figure 6b). MSCs-treated group revealed moderate
positive immune reaction in the cardiomyocyte
and the interstitial cells nuclei (Figure 6c).
MLT—preconditioned MSCs group showed minimal
positive immune reaction in cardiac muscle cells
and interstitial cells (Figure 6d). The anti-casp-3
antibody immunohistochemical-stained sections
of the control group and MLT—preconditioned

MSCs group showed negative immune staining
in the cardiac muscle fibers and interstitial cells
(Figure 6e, 6h). Marked positive casp-3 immune
reaction was noticed in the diabetic group in
the form of brown coloration of the sarcoplasm,
nuclei of heart muscle cells and interstitial cells
(Figure 6f). MSCs-treated group displayed mild
positive immune reaction in the sarcoplasm, some
nuclei of cardiac muscle fibers and interstitial cells
(Figure 6g).

3.7.4. Ultrastructural results:

Ultrathin sections of the control group showed
longitudinally arranged cardiomyocyte with oval
central euchromatic nuclei and prominent nucleoli.
Long parallel intracytoplasmic myofibrils with the
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sarcomere’s unique structural pattern of alternating
dark (A) bands with their central pale (H) zones and
central (M) lines and light (I) bands which divided
by (Z) lines were shown (Figure 7a). Multiple lines
of variable sized mitochondria were placed among
myofibrils and in the perinuclear space were seen.
T-tubules were demonstrated at (Z) lines levels
(Figure 7b). Intact intercalated discs with step-like
characteristic pattern were also seen (Figure 7c¢).
Cardiomyocytes fromdiabetic groupshowedirregular
nuclear outline and aggregates of heterochromatin.
Additionally, perinuclear vacuolization was seen.
Myofibrils showed fragmentation, focal lysis of the
myofilaments, vacuolization of the sarcoplasm and
many discontinued (Z) lines. Moreover, ruptured
irregularly arranged mitochondria with disrupted
membranes and cristae were found. Accumulation
of interstitial collagen fibers was observed.
(Figure 7d, 7e). Non continuous dilated
intercalated discs with areas devoid of junctions
were seen. (Figure 7f). In MSCs-treated group
cardiomyocytes expressed mild changes in the
form of focal areas of degenerated and fragmented
myofilaments with loss of sarcomeres pattern. Some
distorted mitochondria with disrupted membrane
and cristac were seen in between myofibrils
(Figure 8a). Dark shrunk nucleus was demonstrated
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(Figure 8b). While in MLT—preconditioned MSCs
group, cardiomyocytes apparently preserved the
normal histological features in the form of intact
myofibrils with the normal sarcomeres pattern
(Figure 8c). The mitochondria appeared normal and
settled in lines among myofibrils in the perinuclear
region. The nuclei appeared oval with extended
chromatin and prominent nucleoli. (Figure 8d).

3.8. Real-time (qRT-PCR) relative mRNA expression:

A significant increase of Bcl-2 and IL-10
genes expression in MSCs-treated groups when
compared to the diabetic group was revealed. MLT-
preconditioned MSCs group showed significant
upregulation of antiapoptotic Bcl-2 and anti-
inflammatory IL-10 mRNA expression as compared
to the MSCs-treated group (P < 0.001, P < 0.001,
P = 0.05, subsequently). Moreover, there was a
significant down-regulation of proapoptotic marker
casp-3 and the pro-inflammatory marker IL-1f in
MSCs-treated rat groups as compared to the diabetic
rats. MLT-preconditioned MSCs group expressed
significant downregulation of mRNA expression of
casp-3 and IL-1P compared to the MSCs-treated rat
group (Table 4).

Figure 6: Photomicrograph of a sections in myocardium of: (6a) Control group showing negative immune reaction of TNFa in the cardiac muscle cells
(arrow)and interstitial cells (arrowhead), (6b) Diabetic group showing markedly positive cytoplasmic immune reaction of TNFa in cardiac muscle cells
(arrow) and interstitial cells (curved arrow), (6¢) MSCs-treated group showing moderately positive immune reaction of TNFa in the interstitial cells nuclei
(arrow), (6d) MLT-predisposed MSCs group shows minimal positive immune reaction in cardiac muscle cells (arrow) and interstitial cells (*) (Anti-TNFa,
immunostaining, a, b, ¢, d X400, scale bar 20 pm). (6e) control and (6h) MLT—preconditioned MSC groups showing negative immune reaction of Casp-3
in cardiac muscle cells, and interstitial cells (arrow), (6f) Diabetic group showing marked positive immune reaction of Casp-3 in form of brown coloration
in sarcoplasm (arrow) and nuclei of cardiac muscle cells (arrowhead) and interstitial cells (curved arrow) nuclei, (6g) MSC group showing mild positive
immune reaction of Casp-3 in sarcoplasm (arrow), nuclei of cardiac muscle cells (arrowhead) and interstitial cells nuclei (curved arrow). (Anti Casp-3

immunostaining, e, f, g, h X400, scale bar 20 pm)
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Figure 7: Pho An electron micrograph of ultrathin section in the cardiomyocytes of: Control group (7a-7c) showing (7a) a longitudinally arranged cardio
myocyte (arrow) with central oval euchromatic nuclei (curved arrow) and prominent nucleoli (arrowhead). Long parallel myofibrils with the sarcomere’s
structural pattern of alternating dark [A] bands with their central pale [H] zones and central [M] lines and light [I] bands which is divided by [Z] lines are
also shown. (7b) Multiple lines of variable sized mitochondria (M) are placed among myofibrils and in the perinuclear zone. T tubules (red arrow head)
are demonstrated at the level of (Z) lines. (7c) Intact intercalated discs with step-like characteristic pattern are noticed (red arrow). Diabetic group (7d,
7e) showing distorted nuclei with irregular outline and aggregates of heterochromatin (N). Perinuclear vacuolization (V) is noticed. Myofibrils showing
fragmentation, focal lysis (F), vacuolization of the sarcoplasm (V) and many discontinued (Z) lines (red curved arrow). Many ruptured irregularly arranged
mitochondria with disrupted membranes and cristae are noticed (M). Massive accumulation of interstitial collagen fibers (C) is seen. (7f) Non continuous
dilated intercalated discs with areas devoid of junctions are seen (red arrow). (a, b, ¢, d, e, f X 1200 Scale bar =5um).
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Figure 8: An electron micrograph of ultrathin section in the cardiomyocytes of: MSCs-treated group (8a, 8b) showing: (8a) focal areas of degenerated and
fragmented myofilaments (F) with loss of sarcomeres pattern. Some distorted mitochondria with disrupted membrane and cristae (M) are shown in between
myofibrils. (8b) darkly stained shrunken nucleus (N) is noticed. MLT—-preconditioned MSC group (8c, 8d) showing: (8c) apparently preserved normal
histological features in the form of intact myofibrils with the normal sarcomeres pattern (arrow). (8d) The mitochondria (M) are normal and placed in rows
among myofibrils and deposited in the perinuclear region. The nuclei are oval with extended chromatin and prominent nucleoli (N). (a, b, ¢, d X 1200 Scale

bar = Spm).

3.9. Histo-morphometric results:

The concluded statistical findings for the area
percentage of collagen fibers, optical density of
TNF-a and Casp-3 proteins immune expression and
mean count of homed fluorescent tagged MSCs in
left ventricle sections of the studied rat groups are
summarized in (Table 4). There was a significant
increase in area percentage of collagen fibers
content in myocardium of diabetic rats (group II)
(34 =+ 236) compared to control group
(1.04 £ 0.48) (P < 0.05) while a significant decrease
in its expression in group Il and IV (2.8 + 0.05 and
1.15£0.08, respectively) (P <0.05). Meanwhile, the
decrease in the area percentage of collagen fiber in

group IV was of a statistical significance compared
to group II (P < 0.05) and of non-statistically
significant difference when compared to group III
(P>0.05).

The optical density of TNF-a in the
immunohistochemical stained cardiac section of
group II displayed a significant increase (9.3 + 1.7)
compared to the control group (1.5 +0.35) (P <0.05)
while a significant decrease was noted in group III
and IV (3.81 + 1.61 and 1.7 £ 0.25, respectively)
(P <0.05). The optical density of Casp-3 expression
in myocardium of group II also displayed a
significant increase (10.82 + 1.01) compared to
the control group (2.13 = 0.7) (P < 0.05) while
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its expression in myocardium of group III and IV
(3.81 £ 1.02 and 2.15 + 0.6, respectively) was
decreased and found to be very near to the control
values in group IV. The decrease in the optical
density of TNF-a and Casp-3 in group IV was of
a statistical significance compared to group III
(P < 0.05) and of non-statistically significant
difference when compared to group III (P > 0.05).

Table 4: Findings of real-time (QRT-PCR) relative to mRNA
expression in the heart tissue of all the examined groups:

Groupl  Group II Group III Group IV
Bel 2 1+£0.02 1.25+£0.03% 1.5+0.01# 1.6+0.02#*&
Casp3 1+£0.01 0.79+0.01# 0.69+0.02#* 0.44 £ 0.03#*&
IL-10 1+£0.01 1.13+0.04# 1.51+£0.03#* 1.85+0.02#*&
IL-18 1+£0.01 0.89+0.01# 0.84+0.02#* 0.76 £ 0.02#*&

#P < 0.05 as related to group 1
* P <0.05 as related to group I1
& P < 0.05 as related to group 111

DISCUSSION

Cardiomyopathy is an evident impediment of
diabetes mellitus (de Ferranti et al. 2014) Many
researchers have illustrated that DC are associated
with apoptotic changes, these changes are accounted
for subsequent possible fibrosis, hypertrophy, and
cardiac dysfunction (Zhang et al. 2016). In the
current study, many altered cardiac histopathological
and ultrastructural picture in the DC rat experimental
model in the form of degeneration, fragmentation
with focal loss of the sarcoplasm. Irregular nuclei
with aggregation of heterochromatin and perinuclear
vacuolization. Discontinuous Z lines and area
devoid of cell junction inside the intercalated discs.
Such alterations could be explained by reactive
oxygen species (ROS) generation. It is the direct
cause for lipid peroxidation, facilitate DNA damage,
destruction of lipid and protein cellular components,
and finally stromal cell damage and concomitant cell
apoptosis (Mustafa et al. 2017; Ni et al. 2020).

Increased blood glucose level in diabetes
mellitus was also proved to foster the synthesis
of (ROS) that in turn could enhance cell death via
cytochrome-c-mediated caspase-3 activation, and
subsequently affects the expansion and endurance of
multipotent stem cells and precursor cells residing
the heart (Yang et al. 2017). As found in this work,
other studies revealed that transplantation of BM-
MCs was recorded to decrease Casp-3 expression
in the myocardium of DCM rat model, improve the
histopathological picture of the heart and reduce
cardiac apoptosis by decreasing Bax /Bcl2 ratio
(Dong et al. 2014).

Our findings denoting many ruptured irregularly
arranged mitochondria in the diabetic group.
Mitochondrial membranes are the target sites for lipid
peroxidation that affects its stability and permeability
with subsequent inhibition of its enzymatic activity
and ATP generation which directly lead to cell death
(Lai et al. 2011). Also, we noticed many cytoplasmic
vacuolization, similar findings were explained by
a widening of sarcoplasmic reticulum and
T tubules due to its membrane hydropic degeneration
(Chugun ef al. 2000). In the same group, an
inflammatory cellular infiltration and dilated
congested blood vessels were found. This could be a
sequenceofinflammatory cascade thataccompanying
DC and this was supported by upregulation of
pro-inflammatory mediators IL-1J3 gene expression
in the cardiac tissue which was estimated in the same
group. Chronic hyperglycemia was also claimed to
increase advanced glycation endproduct (AGE) in
cardiac extracellular matrix and enhance the detention
of pro-inflammatory markers, counting TNF-a,
IL-6, Intercellular Adhesion Molecule 1 (ICAM-1),
and CC motif chemokine ligand 2 (Wenzl et al. 2021).
Transplantation of human umbilical HU-MSCs was
able to reduce TNF o expression when transplanted
into a rat model of DCM (Mao et al. 2017,
Zhang et al. 2017).

The current study declared that the administration
of MLT-predisposed MSCs causes a significant
upregulation of IL-10 and downregulation of
IL-1B expression. IL-10 is a prime multi action
immunomodulatory markers that avert destruction
of host cells through exerting immunosuppressive
effects. This action is expressed through the
enhancement of B cells multiplication and the
elevation of B-reg cells number (Gupte et al. 2017).

Similarly, Meng et al. reported that IL-10-
transfected MSCs showed increased IL-10 secretion
promoting cell viability and decreasing the resultant
myocardia inflammatory reaction, injury, and
apoptosis in rats with myocardial infarction (MI)
(Meng et al. 2018). Meanwhile Sheu et al. (2021)
noted that the inhibitory effect of IL-1p secretion
by human-induced iPSC -MSCs was competent
to abolish the inflammatory reaction and boost
the restoration of cardiac performance in rats with
dilated cardiomyopathy through miR-19a and miR-
20a overexpression (Sheu et al. 2021).

It is known that SCs have a cardiac
reparative property either by transformation
into  cardiomyocytes, vascular  endothelial

cells and smooth muscle cells of blood vessels
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(Orlic et al. 2001) or mainly by their secretome,
which decrease inflammatory reactions and enhance
new vessels formation, ensuring cardiac tissue
guarding (Quevedo et al. 2009).

Our results showed that transplantation of
both non predisposed and predisposed BM-MSCs
significantly improved the ultrastructure of the rat
heart. In several research, many stem cell types have
been consistent with lessen remodeling to reestablish
destructed cardiomyocytes and enhancing cardiac
performance (Boheler et al. 2005; Kanamori et al.
2015; Selem, Hatzistergos, and Hare 2013). Among
those types BM-MSCs were widely used and act
by enhancement of cardiomyocytes regeneration,
expression trans differentiation and cells fusion (Wu
et al. 2015).

This study revealed that collagen deposition and
heart fibrosis increased significantly in diabetic rats
of group II. The same finding was recorded in many
previous studies and explained by upregulation of
both type I and type III collagen, in addition to,
increase in connective tissue growth factor (CTGF) in
myocardium of DCM rat model (Kania, Blyszczuk,
and Eriksson 2009; Zhang et al. 2017). Many studies
have found that fibroblasts could migrated to the site
of tissue injury and proliferated into myofibroblasts,
that lay down large amount of collagen fibers leading
to obvious fibrosis and may leads to heart failure.
It was also found that transplantation of MSCs and
MLT-predisposed MSCs to diabetic rats of group
III and 1V, respectively, decreased the collagen
content and increased cardiac muscle fibers content
(Tarbit et al. 2019). Zhang et al., stated that
(HuMSCs) boost cardiac behavior by reducing
myocardial reorganization of collagen network
through decreasing TGF-B1 and TNF-o mRNA
expression and acceleration of extracellular-signal-
regulated kinase (ERKI12/) communicating in
DCM rats (Zhang et al. 2017). The same results
were recorded by instillation of adipose derived
MSCs in DCM rats and the underlying mechanism
was stated to be the function of prostaglandine-2
(PGE2) secreted by MSCs. Moreover, MSCs also
have an anti-collagen deposition effect, minimizing
heart fibroblast function and fibrosis, and they
indorse innermost reconstruction by provocation
heart resident SCs and heart progenitor cells
(Jin et al. 2020).

Our findings disclosed a significant increase
of TNF-a and Casp-3 in immunohistochemical
stained myocardium of the diabetic nontreated rats.
TNF-a is a proinflammatory mediator with a broad
spectrum of biological properties, it is essentially
produced by triggered macrophages, T lymphocytes,
and natural killer (NK) cells (Jin et al. 2020). It was

proved to be elaborated in the pathophysiology of
many cardiovascular insults. Its overproduction
causes adverse cardiac remodeling through
increasing amount of matrix metalloproteinase
(MMP) action and increased collagen deposition
(Aronson. Jeffrey K 2016). The expression of TNF-a
was decreased significantly in the rat’s myocardium
of the MLT-MCs treated group in our study. This
was in an accordance with Westermann et al., who
proved that Inhibition of TNF a reduced the incidence
of myocardial inflammatory process and collagen
deposition through reduced (ERK) phosphorylation
diabetic cardiomyopathy in experimental animals
(Westermann et al. 2007).

The current study declared a significant
upregulation of Bcl-2 and downregulation of
Casp-3 expression after the administration of
MLT-predisposed MSCs both in vivo and in vitro
which could be explained based on the paracrine
properties of MSCs that boost survival and
proliferation of myocardial cells, rationalizing the
cardiac profit owed by stem cell, notably the Bcl-2
-overexpressing MSCs. Bcl-2 is a salient preventer
of ventricular cardiomyocytes cell death, while Bax
is a pro-apoptotic protein (Li et al., 2007). Multiple
studies had proved the protective effects of Bcl-2
on the failing hearts through its role as a metabolic
regulator of mitochondrial functions during hypoxic
conditions (Imahashi ez al. 2004; Kirshenbaum and
de Moissac 1997). In parallel, Li et al., demonstrated
that Bcl-2 adjusted MSCs transplantation
overexpressed vascular endothelial growth factor
(VEGF) in response to hypoxia which substantially
improved left ventricular (LV) remodeling and LV
function (Li et al. 2007).

Cell death can be provoked by two communication
pathways: the outer (death receptor) and the inner
(mitochondria-mediated) pathways. Both outer and
inner cell death signaling motivates the stimulation
of casp-3 (the final executive effector of apoptosis),
which in turn activates numerous subsequent
caspases (casp-6 and casp-7) amplify the death
signal, cleave the vital structural proteins including
myofibrillar proteins and induce apoptosis in
cardiomyocytes resulting in contractile dysfunction
(Yang, Ye, and Wang 2013).

Caspases, in addition to forcing apoptosis, cause
under expression of serine/threonine protein kinase
Akt (Akt) in that is proved to enhance cell endurance
(Saini et al. 2013).

In the same token, Mohamed et al declared that
MSC-mediated inhibition of Casp-3 expression can
reduce cardiomyocyte apoptosis and consequently
ameliorate cardiac function (Mohamed et al. 2015).
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In the current research tracking of the transplanted
cells revealed that PKH-26 labelled BM-MSCs were
detected in the rat heart sections after 4 weeks of
transplantation in the recipient groups of MLT-
predisposed and non-predisposed MSCs with better
recruitment affinity and survivability of the MLT-
predisposed SCs.

Modalities of SCs therapy were studied in
various research to improve their cardiac reparative
power including predisposing by different
substances or their epigenetic modification. Our
results revealed that MLT-predisposed MSCs
efficacy in cardiac tissue preservation was recorded
to be increased significantly compared to the non-
predisposed MSCs. Similarly, improvement in
stem cell persistence, therapeutic possibility and
cardioprotective was explored after intravenous
intake of BM-MSCs bind with resveratrol (an
antioxidant) in diabetic rats (Gallina, Turinetto,
and Giachino 2015). Moreover, MLT- predisposed
SCs showed a significant enhancement of their
survivability and their engraftment in many different
diseased tissues (Delucchi ef al. 2012; Mortezaee et
al. 2016; Saberi et al. 2019; Zhao et al. 2020).

CONCLUSION

BM- MSCs and MLT-Preconditioned-BM-
MSCs are a highly encouraging restorative policy
for the treatment of DCM acting by attenuating
cardiac remodeling, decreasing cardiac fibrosis,
cardiomyocyte apoptosis which proved by both
histopathological and immunohistochemical
methods. downregulating inflammatory cytokines
(IL-1B) and apoptotic marker (Casp-3) within the
cardiomyocytes. They were also proved to upregulate
the mRNA expression of the antiapoptotic gene Bcl-
2 and the anti-inflammatory IL-10 within the same
tissue. Preconditioning of BM-MSCs with Melatonin
(1 pm) significantly improved their efficacy
compared to the non-preconditioned BM-MSCs
by increasing their survivability and recruitment in
the tissue hence, enhancing their antiapoptotic and
immunomodulatory activities. So, preconditioning
of BM-MSCs with MLT may be considered an
appropriate avenue for elaborating the valuable
outcomes of MSCs regimen in DCM, However,
further research is recommended for appropriate
assessment of the cardiac function and the long-term
consequence of this type of cytotherapy. In our
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